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iabie diarneter^expansbh tool is provided having a var-i 
iabje diameter cone, whjch expands, and contracts 
based on input from one or more sensors The sensors 
can measure parameters In the weiibore, such as con* 
tact pressure between the tubular and the cone 
[0014} In another aspect ofthe invention, an appara- 
tus and method forexpandlng a length of screen assem- 
bly In a subterranean weiibore is provided. 
[001 5] Particular preferred embodiments of the inven- 
tion wiltnow be b^^nl^ in. greater detail. 
[001 6] According to; one aspect of utere is 'provided 
an n expansion cone apparatus for use In expanding a 
tubular in a subterranean well comprising a cone body; 
and at least one wear face attached to the cone body. 
[0017] According to another aspect of the" invention 
thereisprpyiaWam 

sion comprising/pf the; steps of: position an expansion 
cone in a tubular positioned in a subterranean weiibore, 
the expansion cone having a cone body and at least one 
wear face attached to the cone body; expanding the ex- 
pansion cone; and moving the expanded cone axtafly 
along the tubular thereby radially expanding the tubular, 
jprjri 8] The above method and apparatus may advan- 
tageously include one or more of the following features 
[001 9] The cone body is preferably a ductile metal, 
such as 4140 steel Preferably the or each wear face is 
tungsten carbide^ Desirably the or each wearfacefe me- 
chanically or chemically bonded to the cone body. 
[0020] In ah en^dimerit, the cone body having at 
least one niche therein for receiving the at least one 
we^rface r 

[0021] The or each wear face may comprise at least 
one ring The or each ring may comprise a plurality of 
wear face segments attached to one another by connec- 

[0022] In an embodimenti the cone body has expan- 
sion slots therein- 

[0023] In; an embodiment, the or- each wear face. is 
ffoatmgjy attached to the cone body: 
[0024] In an embodiment, the cone has an automata 
catty variable diameter, and there. is provided at least 
one sensor for detecting weiibore parameters operabty 
connected to the variable olarneier cortebpdy whereby; 
the cone body dameter automatically varies based on 
the detected parameters. : 

[0025] : In an embodiment; the cone body having, an 
exteriorsurface, a controlled egress seal on theextenbr 
surface of the cone body for sealing contact with the tu- 
bular. 

In an embodiment, the cone body has at (east on pivotal 
joint assembly. . 

; [0026] Accdrdihgtto another- aspect of me^lnventiori- 
there is provided an expansion topi for use In expanding; 
a tubular in a subterranean weiibore comprising" an au- 
tomatically variable diameter expansion" cone; and at- 
least one sensor for '-detecting; ^parameters wWiin trie 
weHbore, the M least one sensor operabiy connected to 
the variable, diameter expansion cone, the diameter of 



this expansion cone autbmattolly^varying based on the 
detected parameters. 

[00273 In an embodiment, the expansion tool further 
comprises at least one dilator operabiy connected to the 
5 expansion cone for expandfrg and contracting the ex- 
pansfon~cprie.; 

In an embodiment, the expansion cone; has an interior 
surface, the at least one dilator connected to the mtenor 
surface The or each dilator may be operable within: a 
™ preselected range of expansion force, 

{0028] In ah embodiment, the or each sensor Includes 
a cental stress sensor.. 

[0029] In an embodiment, the or each dilator is an 
electromechanical dilator. 
'15. [0030] In an embodiment, the expansion cone has ex- 
pansion slots therein. 

[0031]' ln 7 ah fe^pdiment, the "expansion tool further 
comprises at least one wear face attached to the expan- 
sion, cone; 

20 [0032] in an embodiment, the expansion tool further 
comprises a controlled egress seal on the expansion 
cone for sealing contact with the tutmlar 
[0033] in an embodiment: the expansion topi further 
comprising at least one pivotal joint assembly. 

25 [0034] AccoraJng~to another aspect of the invention 
there is provided a method of downhoio tubuiar expan- 
sion, the tubular disposed in a weiibore of a subterrane- 
an wefi, comprising of the steps of: positioning an auto- 
maticalry variable diameter expansion cone in the tubu- 

30 iar expanding the cone to a selected diameter; advanc- 
ing the cone along the ttbu 

ing the tubular, and automatically varying the cfiameter 
of the cone as the cone is advanced along the tubular 
[0035] In an embodiment the method further com- 
as ^es the steps off detec^g • 
bore; and varying the dimeter of the cone based on the 
detected parameters, 

[0036] In fan ernbod liment; me expans»nr cone in- 
cludes at least one dilator for controlling the diameter of 
40 the "cone The or each dilator may be operable within a 
preselected range of expansion force. 
[0037] In an embedment,* the step of detecting in- 
due^ oetecGng:^ 

[0038] The expansion cone may have at least one 
*s- wear face; The expansion cone may have a controlled 
egress seal on the expansion cone for seating contact 
with the tubular The expansion cone rriay have at least 
one pivotal joint assembly. 

[0039] AScconifing to another aspect of the; irrvention 
50 there Is provided an expansion cone apparatus for use 
in expandinga tubiilar in a subterranean well compris- 
ing: a cone body having an exterior surface; and a corb 
trotted egress: seal oh the;exteridr: surface of the : cone 
body for sealing contact with me tubular 
& Pr^eraJ^y. the cont/c^ed egress seal is a labyrinmiro 
seal More preferably; the 
less steel. 

[0040] The^controOed egress seal is preferably de- 
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terier surf ace of the cone-body. 

[00S5] Reference ls;now:ma^e~tp:the; 

drawings In which: '■ 

FIGURE 1 is a side elevauonai view of an embodi- 
ment ofa variable diameter expansion tool with 
hardened wear faces, according to the invention; 
FIGURE -2_ is an eieyational pan^aJ cross -sectional 
view of another embodiment of an expansion tool 
according to the- Invention; 
FIGURE 3 is a- partial eievational vtew of another 
embodiment of a too!. according to this Invention; 
FIGURE 4 is an elevatrarialview of another embbd-L 
iment of a toofaccording to the invention ; 
FIGURE 5 is a cross-sectional view of a weiibore 
have an embodiment of a too) according to the in- 
vention cfispdsed therein.. 

FIGURE S Is - a cross-sectional view of a weiibore; 
having an embodiment of an expansion tool assem- 
bly according to me invention disposed therein; 
F1GU RE 7 is a a^-sectioneJ view of a weiibore 
having an embodiment of an expansion tool assem- 
bly according to the invention disposed therein; and 
FIGURE 8 is a partial crt^-section of another em- 
bodiment of a tool according to the invention. 

[0066] TTie present invention wiD be described by ref- 
erence to drawings showing one or more examples of 
how the inventions can be made and used. In these 
drawing reference characters are used throughout the 
several views to indicate like or corresponding parts In 
the description which follows, like or corresponding 
parts are marked throughout the specification and draw- 
ings with the same reference numerals, respectively. 
7 trbe^drawtng^-are 
portions of certain parts have been exaggerated to bet- 
ter illustrate details and features of the invention; In the 
following description, me terms "upper," Upward,' "iow-: 
er/ Tbelpw,*' •dbwnhole^ ^pngiti^mally, w ian^^^ like, 
as used herein, shall mean in relation to the bottom or 
furthest extent of, the surrounding weiibore even though 
the weiibore or portions of it may be deviated or hori- 
zontal. iGorrespondingfy : the transverse* orientation 
snail mean to orientation perpendicular to the longitudi- 
nal orientation. The term •sand^controP used herein 
means the exclusion of particles larger tri cross section 
than a chosen stee : whether sand, gravel, mineral, soil, 
organic matter, or a combination thereof As used here- 
in ; ^-eaj-time - means less: man ah operationally sigiifl-. 
cant deby-but not necessarily: simultaneously.: 
[0067] Apparatus and methods for constructing and 
deploying screen Jackets are used In c»rijunction with 
the . inventions, but "are not • critical thereto. Exemplary 
sand-control screens and methods of their deployment 
In a well are disclosed in United States patent Numbers 
6,931,232 and 5,850,875, and Application Serial 
Number 09^7,198. 

[0068] Conventionally, a borehole is driDed frito the 



earth intersecting a production zone. A well ^casing is 
typically installed in the borehole. AraoHalry expandable; 
screen Jacket assemblymay be inserted Into the portion 
(s) of the borehole accent the production zones The 

5 connection between the casing and the radially expand- 
able screen jacket assembly may be made in the con- 
ventional manner The wall of the weiibore is substan- 
tally cylindrical forming a substantially annular space, 
buttypicafly has irregularities more or.tess randomly dis- 

*o tributed throughout its length. 

PJ0693 Generally, with uSe unexpanded screen jacket 
assembly Inserted into the desired location of the weiir 
bore in the conventional manner, -ah expansion tool is 
moved iongltucOnaDy through the screen jacket assem- 

*5 bfy causing it to radially expand to a larger diameter to 
substantially fill the annular space making contact With 
the weiibore wail: The particulars of the apparatus and 
methods arefurtherset forth in the following description. 
[0070] A flexible expansion tool for use to expand tu- 

20 bulais in a subterranean well is descrtoed with reference 
primarily to Figure to the tool 100 has a cone 102 pref- 
erabJy made of 4140 steel, eJmough other stror^. ductile 
metallic or composite materials may be used. The cone 
. .1 02 has expansion slots 1 CM arranged to facii'^te radtai 

25 flextoiiay. The expansion slots 1 04 are preferably ar- 
ranged in a symmetrical parlem as shown in Figure 1, 
but may be shaped differently or arranged asymmetri- 
cally. The cone 1 02 preferably has a forward portion 1 06 
substantially cylindrical In shape: The forward portion 
:3d 1 06 preferably has a raised section 1 08, preferably near 
its forwardmost end 1 1 0 An aft portion 11 2 of the cone 
1021s also typicalry substantiaDy cylindrical in shape 
and larger In overall diameter than the rased section 
108 of the forward portion 106. The aft portion 112 also 
-• pre&rabtyhasa raised section 1-1 4j^lcally near fits^afV- 
rnost end 116. Between the forward portion 106 and aft 
portion 1 1 2,-a mid portion 1 20 is disposed. The mid por- 
tion 120 typically /graduates from a first cyBndrical por- 
tion 1 22, of the same outside diameter as the reused sec 
40 lion 108 of the forward portion 1 06, to a frustum-shaped 
section 1 24, to a second cylindrical portion 126 of the = 
same outside diameter as the raised section 114 of the 
aft portion 1 12 The exact configuration of the cone 102 
te i mt cruclaJ to.me coric as long as 

45 the cone 102 is shaped in such a way as to forcibly 
cause a tubular to expand as the cone 102 is forcibly 
moved througnthe tubular. 

lOOTI] "RMer-referri^ Figure 1, hard- 

ened wear faces 128 are preferably attached to the ex- 

5b tenor of cone 1 02. Pref erabty the wear faces 128 cover 
the outer periphery of the mid portion 120 of the cone, 
and the raised sections fore 1 08 and aft 1 1 4. The wear 
faces 128 are preferabr^ f>2 steel, 

morybdenum dfeu^hide, or tungsten carbide, although 

55 other hard, wear-resistant metals or composites may be 
usep^The wear feces 128 are preferabry laser welded 
to the underlying surface 130 of the cone-1 02. The wear 
faces may also be attached to the cone surface by other 
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sensor 200 signals. 

[0080] Referring to Figure 5, the cone 1 02 may have 
a seal 300. Theseaf 300 is: a controlled-egress seal; 
preferably located at the forward end 110 of the cone 
102. Tneseal 300 maintains seating contact with the in- 
ner surface 402 of the tubular 400 The sealing contact 
is not fluid tight, but permits a controlled amount of fluid 
F to pass between the: seal 300 and the inner surface 
402 of the tubular 4O0. The seal 300 is preferably a fab- 
yririm-type sea), which permits egress of a relatively 
small amount of well fluid F through the seal. 
[0081 J The labyrinth-type seal element 302 is advan- 
tageous in terms tfc^creased wear over an elastomeric 
seal The labyrinth seal 3^2 also provides ah advantage 
in directing fluid flow ahead of the too! 1 00, reducing the 
quantity of debris D in the wellbore and in annular space 
20. that could otherwise become forced into openings 
404 in the screen assembly 400 upon expansion. The 
seal element 302 is preferably made from stainless steel 
or composite material, but may r be from any material 
suitably resistant to corrosion. The seal eiement 302 is 
typically attached to a seal carrier 304, which Is in turn 
mechanically attached to the surface of the cone 102 
such as by bolting or welding . The exact configuration 
of the labyrinth seal 300 s not enbeal to the invenuon 
The seal may be designed to provide controlled fluid 
flow without physical contacting the tubular itself The 
seal location on cone 102 may vary without departing 
from the spirit of the invention. 
[0082] Refemng now to Figures 6 and 7 r a screen ex- 
pansion apparatus 500 is shown disposed in a wefibore 
502, typically uncased, for expanding screen assembly 
400 The screen expansion apparatus 500 is connected 
to tubing 504 In the conventional manner Tubing 504 
Can be rolled fub in g or jointed pipe siring., and wnBetne. 
weDbore Is (Uustratcd in only one manner, it may be ver- 
tical, deviated or horizontal. 

[0083] SCreen expander 500 has an upper body 506 
and lower body 508 The upper body 506 Is provided 
wfth anchoring mechanism 510 movable between a re-, 
tracted position 512, as shown in Figure 6, and an ex 
tended position 514, as shown in Figure 7 Anchoring 
mechanism may be of any type known in the ait such 
as slips, as shown, or a packer, and preferably operates 
from fluid pressure supplied through the tubing string 
504 The anchoring mechanism may include multiple 
devices located at various locations along the length of 
the tool 500J« In^the retracted position 512, the slips do 
not interfere with movement of the screen expander ap- 
paratus. 500 wit Wn . the" wellbore 502 or within the screen 
assembly 40d. ,-irt me extended position 514; the slips 
engage the screen assembly wall or wellbore, thereby 
locking the upper body 506 of the screen expander 500 
in place Bleeding pressure "from the tubing 504 wiD re- 
lease the ^ anchoring ^ mechanism 51 0, as the anchoring 
mech^ism 51 0 wifl return to the refected position 51 2. 
[0084] The upper body 508 fUruSer comprises a force 
generator 51 oYThe force generator 51 6 may be of any 



fand known in the art and preferably is a hydraulic ram 
operated using fluid pressure suppBed; through tubing . 
string 504: The force generator 5 16 preferably includes 
a force multiplier 51 8 such as the double-piston assem 
s b^,, as shown. The force multfcrfier- 518; has a primary 
520 and a secondary 522 piston, operable as ts known 
in the art The force generator s 16, or hydraulic ram is 
operable to extend the tower body 508 of the expansion 
apparatus 500 relative to the upper body 506. 

io ■ f0085] The lower -body 508 supports expansion cone 
assembly 524 including mandrel 526 having a ramp 528 
upon; which cone 530 slides The expansion cone as- 
sembly can be of any type known in the art, inducing 
the cones heretofore discussed. The expansion cone 

15 assembly 524 shown In Figures 6 : and:7 oper^es oh 
fluid pressure as sup pRed through the tubing 504. Pres- 
sure, supplied through port 532, drives cone piston 534 
and internal slip 536 to move slrdable cone 530 up ramp 
528 of mandrel 526. When the cone is moved from its 

?9 retracted position to its expanded pbsftloh the cone can 
be used to expand the screen assembly 400 as the low- 
er body 503 of the screen expansion apparatus 500 Is 
extended. 

[0086] In operation, the screen expansion device 500 

25 s lowered into the weUbore 502-to a desired depth ad- 
jacent an unexpanded screen assembly 400 During the 
runHjn procedure, the ancno ring mechanism 51 0 and ex- 
pansion cone 530 are In their retracted positrons 512 
and 538, respectively. The expansion cone 530 is 

30. moved to the expanded position 540 wherein the cone 
530 contacts the screen assembly 400 thereby expand- 
ing the screen. The cone 530 is moved to its expanded 
state 540 by providing fluid pressure, via the tubing 
string 504, through ports 532 to drive cone piston 534 

a* - which iu iurapuwfcfs tii & c-one 530 up tariip 528 of mate. " 
drel 526. internal slip 536 is operable to maintain the 
cone's position and : alfow later retraction Expansion of 
the cone 530 may involve setting the anchonng mech- 
anism 51 0 and stroking the force generator 51 6, thereby 

40 extending lower bodySOS.; 

[0087] Once" the expansion cone assembly 524 Is in 
its expanded state, the screen assembly 400 may be 
radially expanded by the longitudinal advancement of 
the cone through the screen, Theanc^c^irrainechanism 

< 5 510, such as the slips shown, are moved from the re- 
tracted position 512 to the extended position 514 to anr 
chor the upper body 506 of the expansion apparatus 500 
in the wellbore 502 or screen assembly 400. The force 
generator 516 is activated, extending the lower body 

s° 508 of the expansion apparatus 500 with respect to the 
upper body 506 and forcing the expansion cone 530 ion- 
g^dlnafly trough the screen 400, diereoy expanding 
the screen. 

[0088] After the force generator 51 6 is, preferably, f ul 
55 ry extended: the anchoring mechanism 510 ts retracted, 
by lowering the fluid pressure in the tubing. The cone 
510, in cprrtactwrftthe screen assembly 400, now acts 
to anchor the lower body 508 of the expansion appara- 
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er body, an anchoring^mechantsm located inthe up- 
per body, an expansion cone assembly located in 
the tower body, and a force generator operable tp; 
vary the distance between the anchoring mecha- 
nism and the expansion assembly (2) radially ex- 
pahdng the expansion assembly (3) setting the an- 
choring mechanism, (4) activating the force generr 
ator to lengthen the distance between theanchoring 
mechanism and the expansion assembly, thereby 
forcing the expansion assembly through the screen 
assembly and radially expanding the screen as- 
sembly (5) retracting the ancho ring mechanism; (6) 
activating the force generator to shorten the dis- 
tance between the anchoring mechanism and the 
expansion assembly; and (7) repeating steps (3) to 
(6) as desired. 
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An expansion cone apparatus for use in expanding 
tubutars In a subterranean well comprising an ex- 
pansion cone body having multiple cone sections; so 
and at least one joint assembly prvbtally conn ectrng 
the cone sections. 



10. A method of tubular expansion, the tubular ppsh 
tfoned in the weHbpre of a subterranean well, com- 
prising the steps of* positioning an expansion cone 
in the tubular, the expansion cone having an expan- 
sion cone body with multiple cone body sections 
and at least one joint assembly plvotafly connecting 
the cone secfens; expanding the expand 
and moving the expanded cone axially along the tu- 
bular thereby radtalry expanding the tubular. 
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